thereby limiting the loss of maternal stores. The mouse mature oocyte, arrested in metaphase of second meiosis (MII), is polarized along an animal/vegetative axis. . As yet, however, no protein involved in this process spindle and then accumulates at the pole nearest the has been described. In many organisms the conserved cortex during spindle migration. In the absence of mi-PAR (partitioning-defective) proteins are essential medicrotubules, the chromosomes still migrate to the corators of cell polarity [6]. Here we show that two mPARD6 tex, and mPARD6a was found associated with the proteins are asymmetrically localized during meiosis, chromosomes and was facing the cortex. mPARD6a is indicating that they could be responsible for the patthe first identified protein to associate with the spindle terning of mouse oocytes. during spindle migration and to relocalize to the chroThree genes encoding PAR6 are present in the mouse mosomes in the absence of microtubule behavior, genome. We found that mPARD6b and mPARD6a suggesting a role in spindle migration. The other pro-(mouse homolog of the PAR6 gene of C. elegans) were tein, mPARD6b, was found on spindle microtubules expressed in both immature (GV) and mature (MII) oountil entry into meiosis II and relocalized to the cortex cytes at the mRNA ( Figure 1A ) and protein (Figures 1B at the animal pole during metaphase II arrest. and 1C) levels. Both proteins presented similar localizamPARD6b is the first identified protein to localize to tion patterns until the spindle began to migrate (Figure the animal pole of the mouse oocyte and likely contrib-1D); they did not exhibit any specific localization in the utes to the polarization of the cortex.
(D) Localization of mPARD6b and mPARD6a during mouse meiotic maturation. Oocytes at different stages of meiotic maturation were stained with antibodies raised against PARD6b (green, upper panels) or mPARD6a (green, lower panels) and with propidium iodide for chromatin visualization (red). Both proteins were homogeneously localized on the spindle until it began to migrate. After GVBD ϩ 6 hr, mPARD6b remained uniformly distributed, whereas mPARD6a accumulated at the spindle pole closest to the cortex. In oocytes arrested in metaphase II, mPARD6b was found at the cortex overlying the spindle, whereas mPARD6a was still present on the spindle and on both poles. In MII oocytes, exogenous GFP-tagged proteins (green, right panels) localized similarly to the endogenous proteins: at the cell cortex overlying the spindle for mPARD6b-GFP and on the spindle and at the poles for mPARD6a-GFP. the poles, n ϭ 25), attesting to the specificity of the the GV stage and do not accumulate significantly during maturation ( Figures 1B and C) . antibodies ( Figure 1D, right panels) . The staining seemed to be weaker for the GFP-tagged protein than Because mPARD6b was detected on the spindle before first polar-body extrusion and located at the cortex for the endogenous protein. This could be due to the overexpression of the exogenous protein; the cytoin mature oocytes, we investigated more precisely the time at which it first became localized to the cell cortex. plasmic unlocalized GFP-tagged protein could mask the staining on the spindle (compare the cytoplasmic stainSurprisingly, mPARD6b was still localized on the spindle 9, 10, 11, and 12 hr after GVBD, during which time spindle ing in injected MII and uninjected MII). Alternatively, competition between the endogenous protein and the migration is completed and the actin-rich cortical domain forms (data not shown and Figure 2 , GVBD ϩ 12 hr). GFP-tagged one for localization on the spindle might render some sites inaccessible to the GFP-tagged proFrom GVBD ϩ 13 hr onward, mPARD6b was localized at the cortex. This result indicates that, whereas the actintein. All samples analyzed showed the staining pattern reported in Figure 1D . Our data show that mouse oorich domain is formed during spindle migration [1] , its molecular composition is modified after completion of cytes express two mPARD6 proteins, which show asymmetric localization patterns. Moreover, these proteins meiosis I. In order to determine whether the cytoskeleton was involved in the switch of mPARD6b localization colocalize only partially, suggesting distinct roles during meiotic maturation.
from the spindle to the cell cortex, we used the microtubule-and microfilament-depolymerizing drugs nocodaIn order to assess the roles of these two proteins, we attempted to perform RNA interference experiments. zole (NZ) and cytochalasin D (CCD), respectively. The drugs were added just after polar-body extrusion during We were not able to deplete these proteins from the oocyte, probably because they are already present at prometaphase II, when mPARD6b is still localized on 
ϩCCD), which inhibits spindle migration but not anaphase [1] . These experiments indicate that spinMoreover, in mouse oocytes, mPARD6 does not colocalize with mPARD3 (our unpublished data), as has been dle migration and the actin cytoskeleton are neither required for localizing mPARD6a to the spindle nor for its described for astrocytes [8] , which suggests new roles for these proteins. accumulation at the poles. Moreover, they suggest that the mechanism responsible for the asymmetric accumuInteractions between chromosomes and microfilaments at the cell cortex are involved in migration of lation of mPARD6a to one pole requires proximity between this pole and the cortex.
the MI spindle [1, 4] . Recently, it has been shown that Formin-2, a microfilament binding protein, is essential Next, we examined the localization of mPARD6a in MII oocytes in the absence of microtubules. After a short for this process because the spindle does not migrate in oocytes from formin-2 Ϫ/Ϫ mice [9] . It has been sugtreatment with nocodazole (15 min), mPARD6a was found associated with the chromatin (Figure 3B , ϩNZ gested that a network of microfilaments is nucleated from the cell cortex by Formin-2 and interacts with chro15min), as has been previously shown for the remaining microtubules [7] . Later, when microtubules were totally mosome-associated proteins [10] . mPARD6a is a good candidate for this role because it accumulates on the depolymerized [7] (Figure 3B, ϩ NZ 3,5 hr) , mPARD6a was sometimes observed near the chromatin. After respindle pole closest to the cell cortex and associates with the chromatin in the absence of microtubules. lease from the drug, mPARD6a was able to reassociate with each reformed spindle ( Figure 3B, release) . These results show that mPARD6a follows the distribution of Conclusions We have described a switch in the localization of microtubules and suggest that this protein may have a weak affinity for chromatin. It has been demonstrated mPARD6b from the spindle to the cortex. This is the first such relocalization to be described, and mPARD6b that in the absence of a spindle in MI oocytes, the chromatin is still able to migrate to the cortex [1] , indicating is the first protein to be found localized only in the actinrich, microvilli-devoid region induced by the presence that the mechanism involved in migration is independent of microtubules and may require molecules that associof chromatin [4] . Our results show that the molecular composition of this region changes between MI and MII. ate with chromatin in the absence of the spindle. We (5 g/ml) for 3 min. Samples were observed under a Leica TCS-SP plasmid, allowing synthesis of polyadenylated mRNAs. We proconfocal microscope. duced mRNAs encoding full-length mPARD6b tagged with GFP at the C-terminal position (denoted mPARD6b-GFP) and mPARD6a tagged with GFP at the N-terminal position (denoted mPARD6a-Acknowledgments GFP). In vitro synthesis of mRNAs was performed on linearized constructs with the mMessage mMachine kit (Ambion) according We thank T. Pawson's lab (Toronto University) and S. Ohno (Yokohama University) for mPARD6a and mPARD6b antibodies, respecto the manufacturer's instructions. mRNAs were then purified with an Rneasy kit (Qiagen) and eluted in DEPC water at a final concentratively. We thank also I.G. Macara (Virginia University) and P. Aspenströ m (Biomedical Center, Sweden) for mPARD6b and tion of 0.1 to 0.5 g/l. Aliquots of 4 l were then stored at Ϫ80ЊC. mPARD6a plasmids, respectively. We thank M.H. Verlhac, K. Wassmann, E. Houliston, and M. Gho's lab members for critical reading of the paper and discussion and R. Schwartzmann for technical assistance. This work was supported by grants from the Association pour la Recherche contre le Cancer and La Ligue contre le Cancer to B.M.
